INTRODUCTION
The special interest in phthalocyanines originates from their possible use as electrocatalysts in fuel cells [1, 2] . In this respect, it is important to know the structure which results after the adsorption of these complexes on carbon and graphite. In an earlier publication, it was argued that on pyrolytic graphite (Cp), the majority of the FeTSPc molecules is adsorbed as the monomer, while a smaller part (about 10%) is adsorbed as the dimer [3] . This is in contrast with the reflectance spectroscopic data reported by Nikolic et al. [4] , who claimed that the metal chelate is adsorbed on the "basal plane of stress-annealed pyrolytic graphite" (BP of SA-Cp) in the dimer form. For this reason, we decided to carry out an electroreflectance spectroscopic study for the same complex adsorbed on the same surface. The results of electroreflectance spectroscopy should be supported (or explained) by light absorption spectra recorded for the metal chelate dissolved in the corresponding solution. But, in spite of extensive spectroscopic investigations on metal tetrasulphonato-phthalocyanines (MeTSPc), there are still several points which need to be clarified. For example, there is no complete consensus on the absorption spectra for FeTSPc in its possible oxidation states. (Under normal conditions Fe(I), Fe(I1) and Fe(II1) are obtainable [5, 6] .) So, in this article an absorption spectroscopic study of the metal chelate in its various oxidation states is presented also.
EXPERIMENTAL

Chemicals
CoTSPc and FeTSPc were synthesized and purified following the method of Weber and Busch [7] ; the compounds were then used without further treatment as was also done by Nikolic et al. [4] . All other chemicals were commercially available and were used as received.
The optically transparent thin layer cell (OTTLC)
The principles of this cell are given by De Angelis and Heineman [8] . Accordingly, the cell was constructed by drilling holes in two perspex blocks. The two blocks were then combined, with a silicon rubber spacer of 0.4 mm between them (see also Fig. 1 ). By using screws, the silicon rubber spacer was slightly compressed.
The optically transparent thin layer electrode (OTTLE)
The OTTLE [8, 9] consisted of a nickel minigrid (100 mesh and about 1 cm*) covered with a thin layer of gold (2 pm) with a transmission of approximately 60% (VECO).
Unfortunately, after using this electrode in acidic solutions for some time, the nickel grid was no longer completely covered with the gold layer, as could be concluded from the increased anodic current observed in cyclic voltammetric experiments, due to the oxidation of the nickel. A gold plate, in which small holes (0.2 mm) were drilled at about the same distance from each other as the hole size, has a lower transparency (about 30%) but a superior electrochemical behaviour as compared with the gold-covered nickel grid. Therefore, this grid was used for the spectra-electrochemical experiments.
The cell thickness was approximately 0.4 mm, giving a cell volume of about 0.15 cm3 (without reservoirs), small enough to convert all species in the solution between the quartz plates within a few minutes. The transport of unreacted species from the counter-electrode compartment and other reservoirs can be neglected on the time scale of the experiment.
Light absorption spectra were recorded with the OTTLC, filled with a solution of about lop3 M FeTSPc in acidic or alkaline electrolyte, placed inside a double beam Pye Unicam spectrophotometer. Electrorefectance spectroscopy (ER) ER spectroscopy was carried out at FeTSPc adsorbed on graphite. For these measurements an electrode with a reflecting surface must be used. Here the reflecting electrode was a piece of the basal plane of stress-annealed pyrolytic graphite (BP of SA-Cp), kindly given by Dr. A.W. Moore of Union Carbide. To obtain a clean surface, the upper layers of the graphite were removed before each experiment by using adhesive tape.
FeTSPc was adsorbed on the electrode surface by inserting the electrode in a concentration solution of FeTSPc (i.e. more than 10e3 M in 0.1 M HClO,) for a few minutes. Next, the electrode surface was thoroughly rinsed with distilled water and transferred to the optical cell filled with acidic or alkaline electrolyte without dissolved metal chelate. The ER spectroscopic technique and the experimental setup have already been described in ref. 10 .
In our experiments, the geometry was such that the measurements were carried out at near zero angle of incidence. In Fig. 2 , the scheme of the experimental setup, a monochromator is placed in the incident beam to enable an ER spectrum to be recorded in the wavelength range of 300 to 700 nm.
To account for the observed wavelength dependence of both the reflection coefficient and the sensitivity of the photomultiplier, a feedback system was used to obtain a constant mean value for the output of the photomultiplier.
The (rapidly) oscillating (15 Hz) component of the photomultiplier signal was analyzed using a lock-in amplifier. As a reference signal, the ac potential was used, which simultaneously modulated the electrode potential.
Electrochemical instrumentation
To control the potential of the transparent electrode, a Wenking potentiostat (Wenking POS73) was used. Cyclic voltammograms were recorded using a Philips X-Y recorder (PM 8043). As reference electrodes a saturated calomel electrode and a saturated mercury sulphate electrode were used (the latter particularly for the electroreflectance spectroscopic measurements); however, all the potentials in this article are given versus the reversible hydrogen electrode (RHE).
RESULTS
Light absorption spectroscopy of an acidic FeTSPc solution
The cyclic voltammogram for the FeTSPc solution (1.03 x 1O-3 M in 0.05 M H,SO,, dinitrogen-saturated), as measured in the O'ITLC, is given in Fig. 3A . After taking the voltammogram, the solution was refreshed and spectra were recorded at fixed potentials after a rest time of about 3 min at the potentials marked with a ; however, at the potentials indicated with a circle, a rest time of 3 mitt was applied, after which a spectrum was recorded (see Fig. 4 ) before the potential scan was continued.
For both curves. the scan rate was 2 mV SK'; electrolyte 0.05 M H, SO,. circle; between these potentials a scan rate of 2 mV s-' was applied. During the rest period of 3 min, the current almost dropped to zero, as can be seen from Fig. 3B . This indicates that during the applied rest time, before taking a spectrum, all FeTSPc species present between the quartz plates were converted to the redox state dictated by the potential of the electrode. The fixed potentials were chosen with respect to the occurring redox processes, as can easily be derived from the figure.
The spectra recorded during the negative scan at the potentials indicated by a circle Fig. 3B (0.83, 0.63, 0.43 and 0.03 V) are given in Fig. 4 . The spectrum recorded at 0.43 V is omitted, because it does not differ significantly from that recorded at 0.63 V. At E = 0.83 V (the potential at zero current, i.e. the rest potential) a spectrum is observed with a main absorption peak at 637 nm and a shoulder at 670 nm.
In the UV range of this spectrum, a peak is observed at 330 nm. The peak at 637 nm is close to the absorption wavelength reported for a dioxygen bridged FeTSPc dimer (632 nm) [ll] . It is also known that ~-0x0 bridged FeTSPc species reveal an absorption peak in this region [12-H] . Sigel et al. [16] have reported the presence of a FeTSPc dimer species with an absorption wavelength of 634 nm; however, that dimer is almost certainly the ~-0x0 bridged dimer. The situation is even more complicated, because the Fe(III)TSPc monomer also has an absorption peak in this region. (Reference 11 gives a wavelength of 635 nm for this species.) After maintaining the potential at 0.63 V for 3 min, the peak at 637 nm is decreased, while the peaks at 670 and 330 nm are increased. This results in a spectrum with two peaks (637 and 670 nm) of approximately the same height; the peak at 670 nm, which can be attributed to Fe(II)TSPc [6, 11] , shows a little shoulder at 700 nm. (All spectra were recorded after a rest time of 3 min at the applied potential.)
When the potential is set at 0.03 V, i.e. more negative than the redox peak at about 0.2 V (Fig. 3A) , the absorption peaks disappear and two new ones at 470 and 270 nm appear. The resulting spectrum resembles the spectrum recorded for Fe(I)Pc in pyridine [S] . The differences between the two spectra are probably caused by the difference between the coordination capabilities of water and pyridine. (This will be discussed further in the next section dealing with an alkaline FeTSPc solution.)
After the negative scan, spectra were recorded during the positive scan from 0.03 V to 0.83 V, Fig. 5 . The spectra at 0.43 V and 0.63 V are again very similar. In contrast with the spectra taken during the negative scan, the spectrum at 0.63 V now consists of one main peak at 670 nm in the wavelength range between 600 and 800 nm. The peak at 637 nm has almost disappeared.
Therefore, it must be concluded that after reduction of Fe(II)TSPc to Fe(I)TSPc an existing oxygen bridged dimer (both ~-0x0 and p-peroxo complexes are possible) dissociates, and the back oxidation to the second valence state results in a free Fe(fI)TSPc monomer molecule. After this series of experiments, the solution was refreshed and the potential was then raised from 0.83 V to higher values, Figure 6 shows the cyclic voltammogram and Fig. 7 gives the spectra recorded. The spectra show an oxidation of the metal chelate, but also a decrease in the intensity of the absorption bands. After maintaining the potential at 1.23 V for 3 min, a spectrum was recorded which is not characteristic for Fe(III)TSPc, but must be attributed to Fe(IV)TSPc or Fe(III)TSPc+: in general, it is very difficult to assign the location of the charge to either the metal or the organic ring structure [17] . (When in this article Fe(IV)TSPc is written, then the possible oxidation of the ligand is also included.) Lowering the potential to 0.83 V again leads to a spectrum with an absorption peak at 637 nm; however, a drastic decrease in intensity is also observed. Surprisingly, it was not possible to re-obtain the spectrum of Fe(II)TSPc by lowering the potential further. Bottomley et al. [12] have reported that a /~--0x0 bridged Fe(III)-phthalocyanine dimer (Fe(lII)-02--Fe(III)), dissolved in pyridine, is reduced at a lower potential than the free Fe(III)Pc monomer and that only one of the two Fe(II1) ions is reduced to Fe(H). Analogously, we propose that the spectrum at 0.83 V (obtained after oxidation at 1.23 V) can be attributed to a ~~0x0 bridged dimer, which cannot be reduced at the potential where Fe(III)TSPc is converted to Fe(II)TSPc. Due to the oxidation at 1.23 V, all FeTSPc species, except the ~-0x0 bridged species, are decomposed and the spectrum at 0.83 V should be due solely to the absorption of the p-0x0 species.
On the basis of the observations given above, the following total picture of dissolved FeTSPc is proposed: in a solution of FeTSPc, part of the compound is present as the ~-0x0 dimer, in spite of the saturation with dinitrogen; even after saturation with helium purified from traces of dioxygen, the ~~0x0 dimer is demonstrable.
From the absorption spectra, it is concluded that about 30% of the FeTSPc is present in the ~~0x0 form; the rest of the FeTSPc is present as free Fe(III)TSPc molecules. Oxidation of the solution leads to decomposition of most FeTSPc molecules, as can be concluded from the spectra in Fig. 7 (to what and how is not known).
Oxidation of the ~-0x0 bridged dimer has also been observed (see Fig. 7) ; however, the oxidized ~~0x0 species is more stable towards decomposition.
After maintaining the potential at 1.23 V for 3 min, the ~-0x0 species is the only FeTSPc containing species left in the solution, since there is no change in the spectrum when the potential is lowered from 0.83 V to 0.63 V. At the high potential of 1.23 V most (free) FeTSPc molecules decompose, as can be concluded from the large decrease in intensity of the absorption peaks in the spectrum when the potential is set back to 0.83 V. However, there is only a minor change in the redox peak observed at about 0.7 V, while the redox peak at about 0.3 V has disappeared almost completely. This can be explained by the decomposition of the metal chelate to free Fe(II1) ions, which are reduced close to the potential at which Fe(III)TSPc is also reduced to Fe(II)TSPc.
This was verified by measuring the reduction of Fe(II1) ions in an acidic solution (0.05 M H,SO,) of Fe,(SO,),.
Contrary to FeTSPc, no reduction of Fe(I1) ions to Fe(I) ions is observed. Thus, after decomposition of the FeTSPc, the redox peak at 0.3 V (Fe(II)TSPc + Fe(I)TSPc) had to disappear also.
The statement that the poxo dimer is not reduced at the same potential as Fe(III)TSPc, but only at potentials below 0.2 V, while dissociation into Fe(I)TSPc and water occurs simultaneously, could be proved as follows. In Fig. S , the oxidation peak due to the conversion of Fe(II)TSPc to Fe(III)TSPc, realized in the thin layer cell, is given. This figure shows that after maintaining the potential at 0.03 V for 3 min, the area under the peak is increased; this indicates that, at a potential of 0.03 V, ~-0x0 dimers dissociate into free FeTSPc molecules. From this increase of the area under the peak, a value of 20% was calculated for the amount of FeTSPc originally present in the ~~0x0 form. Within the time scale of the experiment, there was no influence of hydrolysis [16] . During the first negative scan, the ~-0x0 species dimers are formed [3, 11] . In this experiment using an OTTLC and an OTTLE with potential control, we observe no reaction because the dioxygen is reduced at the metal chelate (or the gold electrode) and the metal chelate returns to the divalent or the monovalent oxidation state, depending on the potential applied to the gold electrode. We want to stress that in this study our aim was to obtain spectra of FeTSPc in all possible oxidation states without the interference of dioxygen. Because the ~-0x0 species are rather difficult to remove completely, we will discuss this point separately. The FeTSPc species, with their potential domains and absorption wavelengths, are summarized in Table 1 .
Light absorption spectroscopy of an alkaline FeTSPc solution
The spectra-electrochemical measurements in alkaline media were seriously hampered by aggregation of the metal chelate [3, 18] . As a result, the diffusion of the complex towards the electrode was very slow and no cyclic voltammogram could be recorded for the complex. It must be stressed that for both acidic and alkaline solutions, we have used the same concentration of FeTSPc. Our observations are in agreement with those of Zagal-Moya [19] . He observed for a graphite electrode only Despite these difficulties, we succeeded in recording spectra of the possible oxidation states of FeTSPc. The cyclic voltammogram of FeTSPc adsorbed on graphite [3] turned out to be very useful in determining the potentials which must be applied to the OTTLE to prepare electrochemically the various oxidation states of the dissolved FeTSPc complex. Thus, potentials were chosen for application to the OTTLE in the potential domain of, respectively, Fe(I)-, Fe(II)-and Fe(III)TSPc. After holding the potential for 5 or more minutes at a chosen value, a virtually stable spectrum resulted, from which it can be concluded that after this time interval the conversion is complete. The recorded spectra are given in Fig. 9 . They show the same features as for the acidic solution, while only small changes in the absorption wavelengths could be observed.
For alkaline solutions, a closer resemblance exists between the spectrum which should be considered characteristic for a Fe(I)TSPc species, and the spectrum of Fe(I)Pc in pyridine (as given in ref. 5) than in acidic solutions. From this comparison, the conclusion can be drawn that the red side of the spectrum becomes more pronounced as the ligand strength increases. Introduction of dioxygen into the solution does not affect the spectra, for the same reason as discussed in the case of acidic solutions.
Electroreflectance spectroscopic measurements
Acidic solution
The ER measurements were carried out at adsorbed FeTSPc. In Fig. 10 , the cyclic voltammogram recorded in 0.1 M HClO, for FeTSPc adsorbed on the BP of SA-Cp, is given. A cathodic wave is seen due to the reduction of traces of dioxygen still present in the solution after saturation with dinitrogen. It took a very long time to remove all traces of dioxygen from the solution and the voltammogram displayed here is therefore an optimum one. Moreover, this dioxygen reduction current is due only to electrocatalysis by the adsorbed FeTSPc complex. On the graphite surface alone, practicahy no &oxygen is reduced at these potentials [3, 19] . The catalysed reduction takes place well below the formation potential for Fe(II)Pc. (See also the discussion of the results for alkaline solutions.)
Two redox couples (E = 0.70 V and E = 0.20 V, Fig. 10 ) are observed in the potential region of interest for dioxygen reduction. Following Zecevic et al. [20] , the cathodic peak at 0.7 V can be ascribed to the conversion of Fe(III)TSPc to Fe(II)TSPc, and the peak at 0.2 V to the change of Fe(II)TSPc into Fe(I)TSPc. For the redox peak at 0.7 V, the ER spectrum is rather ill structured, as shown in Fig.  11 . Its shape indicates that the involved oxidation states (Fe(III)-and Fe(II)TSPc) of the adsorbed molecules do not differ much in their light absorption behaviour. For the 0.2 V redox process, the ER spectrum is given in Fig. 12 . This spectrum has a clear morphology. The shape characteristics of the redox spectra do not depend on the modulation frequency; therefore no attempt was made to study the frequency dependence of the ER signal. A frequency of 15 Hz was chosen, because this frequency is compatible with the kinetics of redox reactions under study. Both ER spectra remained the same after the introduction of dioxygen into the electrolyte used to record the spectra in alkaline solutions.
A Ikaline solution
In Fig. 13 , the cyclic voltammogram recorded in 0.1 M KOH for FeTSPc adsorbed on the BP of SA-Cp, is given. As in acidic solution, it took a very long time to remove all traces of dioxygen from the solution: the voltammograms usually show curves as presented in Fig. 13A : a net negative current of dioxygen reduction is superimposed on the redox processes of FeTSPc. When the traces of dioxygen are eliminated and Cp is used, the voltammogram (Fig. 13B ) reveals two redox peaks at 0.4 and 0.9 V, respectively, in accordance with the results of Zagal-Moya [19] . The two redox processes are more easily observed as peaks in Fig. 14 , where the capacitive behaviour of the electrode is given. This (differential) capacitive behaviour was measured by applying an ac potential (with a 15 Hz frequency and a 10 mV amplitude) to the electrode, superimposed on a dc potential which was raised or lowered at a slow, but constant, rate. The measured signal is an alternating current, 90° ahead of the ac potential, which indicates that the interfacial admittance is capacitive. This behaviour is in agreement with the theoretical prediction of Laviron for surface redox processes in the case of rapid transfer between adsorbed species
PI.
It is worth pointing out that ac measurements are not affected by traces of dioxygen. Due to its slowness, the dioxygen reduction does not follow the oscillating electrical perturbation.
From studies of the redox potential as a function of the pH [19, 20, 22] , it can be concluded that the redox process at E = 0.70 V in acidic solution shifts to E = 0.90 V in alkaline solution. For the other couple, a shift from 0.20 to 0.45 V is observed.
ER spectra were recorded in the potential domains of both redox couples. The spectrum recorded at 0.9 V, shows a distinct reproducible structure in the UV domain (Fig. 15) . This spectrum differs significantly from the corresponding one in acidic medium. For the 0.45 V redox process, the ER spectrum is given in Fig. 16 . Comparing this figure with Fig. 12 (acidic solution) shows that the ER spectra recorded for the redox couple Fe(II)TSPc/Fe(I)TSPc are rather similar in both electrolytes.
After saturation of the electrolyte with dioxygen, new peaks appear in the differential capacity curve. In Fig. 17 , besides the original peak at about 0.90 V, a new one is observed at a slightly lower potential (0.80 V). In the potential domain of the other redox process an extra peak is obtained also; however, this peak lies at a slightly higher potential (at about 0.55 V) than the original one. The new peaks are probably due to the reaction of a dioxygen adduct of FeTSPc, which arises after the reduction of Fe(III)TSPc. These dioxygen adducts are probably reduced more or less reversibly and, therefore, these adducts contribute to the capacity of the electrode. From rotating ring-disc electrode measurements [19] , it is shown that, at the potential of the additional peak at 0.80 V, dioxygen is (already) reduced to water. Therefore, it must be concluded that the two additional peaks observed under dioxygen-saturated conditions indicate the presence of two different dioxygen adducts: the first one (0.8 V) results in dioxygen reduction at high potential, while the second one also results in dioxygen reduction, but at a lower potential (0.55 V). The peaks are probably associated with FeTSPc dimers and monomers, whose existence has been proposed in ref. 3 . Saturation of the solution with dioxygen has no influence on the ER spectra. The additional peaks in the capacity curve neither correspond with additional features in the ER spectra, nor do they result in extra ER spectra.
DISCUSSION
To obtain more information from the recorded ER spectra, they were compared with the light absorption spectra measured for FeTSPc dissolved in alkaline or acidic electrolytes.
Due to the applied modulation technique, the ER spectrum obtained consists in the difference between the absorption spectra of the two oxidation states involved [23] . The two redox couples which result in ER spectra, are Fe(I)TSPc/Fe(II)TSPc and Fe(II)TSPc/Fe(III)TSPc, respectively. For the first couple, a difference spectrum can be constructed for acidic electrolyte by using the spectra of Fig. 5 recorded at 0.03 and 0.63 V, respectively. The result is given in Fig. 18 and it has a similar shape to the ER spectrum (compare Fig. 12 with Fig. 18 ). The points of zero difference in absorption and/or of zero electroreflectance can be considered as characteristic points for the spectra. A precise comparison of both figures shows that in the electroreflectance spectrum, these points lie at slightly shorter wavelengths (about 50 nm) than in the difference spectrum.
This indicates that the adsorption of the compound on the graphite surface has little influence on the optical transitions in both adsorbed Fe(I)TSPc and Fe(II)TSPc species. In the case of the other redox couple, subtraction of the spectrum of Fe(III)TSPc from that of Fe(II)TSPc (or the other way round) yields also the shape of the ER spectrum observed for this couple (compare the ER spectrum ( Fig. 11 ) with the constructed difference spectrum (Fig. 19 ). However, a larger and opposite shift (about 75 nm) in wavelength is observed for the characteristic points compared to the case of the Fe(I)/Fe(II)TSPc couple. The main absorption peaks of both components of the redox couple Fe(II)/Fe(III)TSPc almost coincide; therefore, slight influences of the graphite surface on the optical transitions of the involved oxidation states are sufficient to yield an ER spectrum which differs strongly from that constructed by using the absorption spectra of the dissolved redox species. On going from acidic to alkaline solution, only small wavelength shifts are observed for the absorption bands of the dissolved redox components.
Thus, the ER spectrum, recorded at the lowest redox potential, which is, as mentioned before, very similar to the corresponding one recorded in acidic solution, can also be constructed from the absorption spectra for the pertaining redox species in alkaline solution.
The absorption spectra of Fe(II)TSPc and Fe(III)TSPc in alkaline solution are given in Fig. 9 . The spectrum constructed from the difference between these two spectra does not show the same shape as the ER spectrum recorded for this couple (see Figs. 15 and 20) .
From these observations, we can conclude that the adsorption of FeTSPc on the BP of SA-Cp in alkaline solution has an effect on the chemical nature of Fe(III)TSPc, or of Fe(II)TSPc, or of both. The chemical change of Fe(II)TSPc on adsorption can only be small, because by using the absorption spectrum of this oxidation state, the ER spectrum recorded at the potential of the redox couple Fe(I)TSPc/Fe(II)TSPc can be constructed. Unfortunately, it is not known how the features of the ER spectrum can be translated into structural information on the manner of adsorption of FeTSPc on the electrode. Nevertheless, a few conclusions can be drawn. First, the situation is more complicated than suggested by Nikolic et al. [4] . They reported a reflectance spectrum of adsorbed FeTSPc which was very similar to spectra obtained for FeTSPc in solution; therefore, they concluded that, on adsorption, only minor changes occur in the metal chelate. Secondly, the similarity, in acidic solution, of the difference spectrum for the couple Fe(III)/Fe(II)TSPc to the involved electroreflectance spectrum indicates an adsorption of FeTSPc in the form of monomers on the graphite surface. However, for alkaline solution no such similarity is observed, which probably indicates that the form in which FeTSPc is adsorbed in alkaline solution differs from that in acidic solution. To explain the results of electrochemical measurements, we proposed earlier [3] a different adsorption form for FeTSPc on Cp in an alkaline than in an acidic solution. It was argued that in an alkaline electrolyte part (about 10%) of the FeTSPc is adsorbed as dimers, while in acid almost no dimers are present on the surface. These dimers are evidently responsible for the difference between the reflectance spectra in acidic and alkaline electrolytes.
CONCLUDING REMARKS
In the first part of this article, the light absorption spectra belonging to the various oxidation states of FeTSPc were shown. For CoTSPc, similar spectra can be obtained by using the same procedures.
The spectra observed in acidic solution, and especially the change caused by varying the potential applied to the OITLE, can be explained by an electrochemical scheme in which ~-0x0 species play a crucial role. In alkaline solution the measurements are very much hampered by aggregation of the FeTSPc ions. It was therefore not possible to obtain unambiguously interpretable cyclic voltammograms using the OTTLC. The spectra obtained can be explained without the introduction of a ~~0x0 species, but this does not imply that this species is not present in the solution.
A (fast) reduction of the ~~0x0 species at the same potential as that at which Fe(III)TSPc is reduced to Fe(II)TSPc, explains why the spectra recorded during the first negative scan in alkaline solution, contrary to those in acidic solution, are the same as those recorded during the positive scan. This is in accordance with (or would even explain) the higher dioxygen reduction rate for FeTSPc in alkaline than in acidic solutions [19] . The differential capacity curve recorded in a dioxygensaturated alkaline solution for FeTSPc, adsorbed on the BP of SA-Cp, shows two more peaks compared with the original one recorded in a solution free from dioxygen. This is a strong indication for the presence of dioxygen adducts of FeTSPc on the graphite surface, and it seems to be in contradiction with the light absorption spectra, because the latter are not affected by the introduction of dioxygen into the solution. However, it must be stressed here that in a thin layer cell the effect of dioxygen on the spectra cannot be measured, because ultimately, after reduction of all the dioxygen present in the electrolyte, the spectra look like those observed for the dioxygen-free solution. As already mentioned in a previous section, the electroreflectance spectra are not influenced by the presence of dioxygen in the electrolyte either, because, due to the introduction of dioxygen into the electrolyte, an adduct is formed with Fe(II)TSPc, in which charge transfer occurs from iron to dioxygen, such that the light absorption spectrum for the adduct points to the existence of an Fe(III)TSPc molecule. (A similar behaviour is found after the addition of dioxygen to a solution of Fe(II)TSPc [3, 11] .) In turn, this species is reduced and so an extra peak is observed in the capacity curve. (After this reduction, the dioxygen fragment reacts further to water.) Theoretically, it can be predicted that the additional peak in the capacity curve corresponds to an electroreflectance spectrum similar to that of the couple Fe(III)/Fe(II)TSPc without dioxygen. The potential regions of these two ER spectra overlap, and due to the modulation amplitude used (50 mV or more), which is necessary to obtain an ER signal, the two potential domains of the ER spectrum cannot be resolved. The ER spectra show that the adsorbed FeTSPc complex is similar to the complex free in solution. The adsorbed structures in acidic and alkaline solution, however, differ. Further research is necessary to obtain more detailed structural information.
